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(57) A method of preparing NC data and, particularly, a 
method of preparing NC data for automatically determining 
the sequence of machining steps to obtain a finished shape 
from the data on material shapes (data on round bars, hollow 
round bars, or materials of special shapes) that are input. The 
NC data are prepared, according to which the sequence of 
machining steps for machining the material into a finished 
f" shape is stored in a memory (201) for each of the material 
^ shapes, the material shape to be used is input, the sequence 
of machining steps corresponding to the material shape that 
^ is input is read out from the memory (201), and the material 
N is machined into a finished shape according to the sequence. 
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DESCRIPTION 
NC DATA CREATION METHOD 

Technical Field 

This invention relates to a method of creating NC 
data, and more particularly to an NC data creation 
method for automatically determining a sequence of 
necessary machining processes from inputted blank 
profile data (data indicative of a cylinder, hollow 
cylinder or special profile blank). 
Background Art 

Automatic programming systems are available for 
creating NC tapes (NC data) from a design drawing 
through a simple operation by entering data in a 
conversational mode using a graphic display screen. 
For example, refer to the specification of U.S. P. 
4,490,781. With such an automatic programming system, 
NC data (an NC tape) are created automatically if the 
necessary data are entered sequentially in accordance 
with the following steps: 

(1) blank material selection step; 

(2) drawing mode selection step; 

(3) blank profile (chosen from among a cylinder, 
hollow cylinder and special profile blank) and profile 
dimensions input step; 

(4) finished profile and finished profile 
dimensions input step; 

(5) machine reference point and turret position 
input step; 
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(6) process selection step; 

(7) tool selection step; 

(8) machining limits and cutting condition 
designation step; and 

(9) tool path calculation step. 

In the step for entering the blank profile and its 
dimensions, a picture for the blank profile and 
dimensions input appears on a graphic display screen, 
as shown in Fig. 7(A)* While viewing what is 
displayed, one enters the blank profile, its 
dimensional values L, D, D Q , and the position ZP of a 
base line. Specifically, since the profiles of blanks 
to be subjected to turning machining are broadly 
classified into a cylinder, hollow cylinder and special 
profile blank, the pictures of these blanks and their 
menu numbers are displayed, as shown in Fig. 7(A), one 
of the blank profiles is selected by its menu number 
from among the displayed blank profiles. This is 
followed by entering dimensional values, namely the 
length L, thickness D, bore diameter D Q and base line 
position ZP of the blank. This completes the entry of 
the blank profile and dimensional values. 

The steps (6) through (8) are repeated until the 
final finished profile is obtained. Specifically, when 

it is turned for the machining process selection step, i 
prompt for selecting the machining process is displayed 
on the graphic display screen, as shown in Fig. 7(B). 
Accordingly, depending upon the machining process which 



is to be performed, one enters the name of the desired 
machining process, in the form of a menu number, from 
among those being displayed on the screen. Fig. 7(B) 
shows an example in which end face rough cutting and 
outer diameter rough cutting have been selected as 
first and second machining processes. If end face 
finishing is to be performed as the third machining 
process, menu number 12 is entered. This is followed by 
inputting the tool. to be used in the entered machining 
process, as well as the cutting conditions, cutting 
direction and cutting area for the entered machining 
process. Thereafter, when a different area is to be 
cut with the same tool, this fact is entered. Also 
entered are the cutting direction and the area." On the 
other hand, if it is unnecessary to cut a different 
area with the same tool, an entry is made of this fact. 
Thus, when entry of data necessary for machining in 
accordance with the i-th machining process is 
completed, the operator decides whether a different 
machining process is required in order to obtain the 
final part profile; if one is, the fact is entered. 
Thereafter, if machining process selection, entry of 
data indicative of the tool to be used, and entry of 
cutting conditions, cutting direction and cutting area 
are carried out in the above fashion until the finished 
profile is obtained, then all the necessary data will 
have been entered. An automatic programming unit then 
creates NC data on the basis of the input data and 
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causes a tool trajectory to be displayed on the graphic 
display screen, thus ending programming. 

Thus, in the conventional method of creating NC 
5=ta as set forth above, once the blank profile and 

^ finished profile have been entered, in which area 
machining is to be performed and by which machining 
process, and in which cutting direction the tool is to 
be moved for such cutting, are matters left to the 
programmer's judgment. The programmer also determines 

L0 che machining process sequence and inputs the necessary 
data in this machining process sequence. This 
conventional method provides a high degree of 
flexibility since the programmer can freely set the 
machining process sequence and the areas to be 

15 machined. However, since considerable programmer 
judgment is required, programming is complicated, 
errors are likely to be made and programming requires a 
long period of time. 

For these reasons, the applicant has proposed a 

2 q novel machining process determination method in U.S. 
Serial No. 767,264 (filed on August 7, 1985). The 
proposed machining process determination method 
includes storing a standard sequence of machining 
processes in a memory beforehand, reading these 

25 previously stored machining processes out of the memory 
in order after entry of a blank profile and final part 
profile, discriminating based on the blank profile and 
final part profile whether the machining process is 
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required for obtaining a finished part, when this 
machining process is not required, performing identical 
discrimination processing upon reading the next 
machining process out of the memory, when the above 
machining process is required* determining a cutting 
domain and cutting direction of the machining process, 
and thereafter creating NC data upon reading subsequent 
machining processes out of the memory and performing 
identical processing. With this previously proposed 
method, however, a problem is encountered in machining 
efficiency in that it is not possible to determine the 
optimum machining process sequence for a blank profile. 

Accordingly, an object of the invention is to 
provide an NC data creation method in which an optimum 
machining process sequence can be decided automatically 
for each and every part profile without requiring 
programmer judgment. 
Disclosure of the Invention 

An optimum machining process sequence is stored in 
memory beforehand to correspond to each type of blank 
profile. For example, assume that the blank profiles 
are a cylinder, hollow cylinder and special blank 
profile. For the cylinder, the machining process 
sequence would be (1) end face rough cutting, (2) outer 
diameter rough cutting, (3) end face finishing, (4) 
outer diameter finishing, (5) grooving and (6) 
threading. For the hollow cylinder, the machining 
process sequence would be (1) end face rough cutting, 
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(2) outer diameter rough cutting, (3) drilling, (4) 
inner diameter rough cutting, (5) end face finishing, 
(6) outer diamter finishing, (7) inner diameter 
finishing, (8) grooving and (9) threading. A machining 
process sequence would similarly be decided for the 
special blank profile. These machining process 
sequences are stored in memory beforehand. A machining 
process sequence conforming to a specified blank 
profile is then read out of the memory and NC data for 
performing cutting in the machining process order are 
automatically creating using separately entered profile 
dimension values, finished profile and finished profile 
dimensions . 

Brief Description of the Drawings 

Fig. 1 is a block diagram of an NC data creation 
system for realizing the present invention; 

Fig. 2 is a view for describing machining of a 
cyl inder ; 

Fig. 3 is a view for describing machining of a 
hollow cylinder; 

Fig. 4 is a flowchart of processing according to 
the present invention; 

Figs. 5 and 6 are views for describing processing 
according to the invention for the case of a cylinder; 
and 

Fig. 7 is a view for describing a conventional 
method of creating NC data. 
Best Mode for Carrying Out the Invention 



BNSDOCID <EP 0198927A1_I_> 



10 



. 019892'?!- 

-7- 

In a case where a blank profile has the shape 
(cylindrical) indicated by the dashed line in Fig. 2 
and the finished profile has the shape indicated by the 
solid line in Fig- 2 (where G is a grooved portion and 
T is a threaded portion), the necessary data generally 
are entered sequentially in such a manner that the 
blank is machined into the finished profile in the 
following order: 

(1) end face rough cutting (portion Al in Fig. 

2) ; 

(2) outer diameter rough cutting (portion A2 in 

Fig. 2) ; 

(3) end face finishing; 

(4) outer diameter finishing; 

(5) grooving; and 

(6) threading. 
The finished profile for the case where the blank is a 
cylinder substantially has the shape shown in Fig. 2, 
with the only difference being the number of stepped 
portions, threads and grooves. Accordingly, in 
performing turning machining using a cylinder as the 
blank, all conceivable cases are covered by the 
machining process sequence set forth above. 

If the blank profile is that of a hollow cylinder, 
as shown by the dashed line in Fig. 3, then the 

25 

finished profile has the shape indicated by the solid 
lines in the same drawing and can be obtained through 
the following machining sequence: 
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(1) drilling (portion Al in Fig. 3); 

(2) end face rough cutting (portion A2 in Fig 



3) 



(3) outer diameter rough cutting (portion A3 in 
Fig. 3); 

(4) inner diameter rough cutting (portion A4 in 
Fig. 3); 

(5) end face finishing; 

(6) outer diameter finishing; 

(7) inner diameter finishing; 

(8) grooving; and 

(9) threading. 

The finished profile for the case where the blank is a 
hollow cylinder substantially has the shape shown in 
Fig. 3, with the only difference being the number of 
stepped portions, threads and grooves. Accordingly, in 
performing turning machining using a hollow cylinder as 
the blanks all conceivable cases are covered by the 
machining process sequence set forth above. 

A finished profile can be obtained in a similar 
manner through a predetermined machining process 
sequence for a special blank profile as well. 

Thus, in the present invention, an optimum 
machining process sequence for turning machining is 
registered in memory to correspond to each blank 
profile, and data (tool used, cutting conditions, 
cutting domain, cutting direction) required in each 
machining process are decided in the order of the 
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machining processes that correspond to an already 
entered blank profile, thereby dispensing with the need 
for the operator to decide the machining processes. 
Note that if it is so prearranged that a cutting area 
can be automatically created from the blank profile and 

5 

finished profile and the cutting direction is one in 
which the tool approaches the chuck (the -X or -Z 
direction), then such a prearrangement will enable the 
cutting area to be created automatically. Further, the 
tool used and the cutting conditions can be determined 

10 

automatically by storing a tooling file and material 
file in memory beforehand. 

Fig. 1 is a block diagram showing an embodiment of 
an NC data creation system according to the invention, 
and Fiq . 4 is a flowchart of processing according to 

15 

the invention. 

In Fig- 1, numeral 201 denotes a non-volatile 

memory in which are previously stored a machining 

process sequence and a number P of machining processes 

corresponding to each blank profile (cylinder, hollow 
20 r * 

cylinder and special profile). A tooling file and a 
material file are also stored in the memory. An 
example of a machining process sequence for a case 
where the profile is a cylinder is as follows: 

(1) end face rough cutting; 

25 

(2) outer diameter rough cutting; 

(3) end face finishing; 

(4) outer diameter finishing; 



BNSDOCID <EP. 



0198927A1_I_> 



01 98927 

(5) grooving; and 

(6) threading. 

The number P of machining processes is six. If the 
profile is a hollow cylinder, the machining process 
sequence would be as follows: 

(1) end face rough cutting; 

(2) outer diameter rough cutting; 

(3) drilling; 

(4) inner diameter rough cutting; 

(5) end face finishing; 

(6) outer diameter finishing; 

(7) inner diameter finishing; 
<8) grooving; and 

(9) threading. 
P is nine in this case. Note that since the optimum 
machining process sequence for a special blank will 
differ depending upon the profile thereof, the user 
decides the optimum machining process sequence based on 
the profile of the special blank used and registers the 
sequence in memory. However f it is also permissible to 
register a general machining process sequence 
beforehand as the machining process sequence for the 
special blank. 

Numeral 202 designates a graphic display unit, 203 
a processor, 204 a ROM storing a control program, 205 a 
RAM for storing entered data, the results of processing 
and created NC data, 207 an NC data output unit for 
delivering created NC data to an external memory medium 
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207 such as a paper tape or bubble cassette, and 208 an 
operator's panel. 

(a) As in the conventional method, the blank 
material, format of the design drawing, profile and 
dimensional values of the blank, finished profile and 
its dimensional values, machine reference point and 
turret index position are entered from the operator's 
panel 208 in a conversation with the graphic display 
screen. These are stored in the RAM 205. We wi'll 
assume that the blank profile is a cylinder and that 
the finished profile is that illustrated by the dashed 
line in Fig. 5. The finished profile is specified by 
pressing profile symbol keys and an alphabetic 
character key on the operator's panel 208 in the 
sequence 



and entering a dimensional value of a finished profile 
element each time a profile symbol key and alphabetic 
character key are pressed. Note that the letter T 
signifies a threaded portion. (For a groove, the 
letter G would be used.) 

(b) The processor 203 checks whether the 
prevailing state is that for machining sequence 
determination. If this is the case, the program 
proceeds to step (c). 

(c) The processor 203 refers to the blank profile 
data inputted at step (a) and stored in the RAM 205 and 
checks whether the blank is a cylinder, hollow cylinder 
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or special profile blank. 

(d) If the blank profile is a cylinder, the 
processor 203 performs the operation 1 > i . 

(e) Next, the processor reads the name of the 

5 i-th machining process for the cylinder out of the memory 201, 

(f) If the i-th machining process is end face 

rough cutting, the processor 203 goes to the finished 

profile data, which are stored in the RAM 205, to 

obtain the maximum value Z _ of the finished profile 

max r 

„ _ alona the + Z axis and compares the magnitude of Z 
10 max 

with the magnitude of the dimensional value L of the 
blank along the Z axis, which value has already been 
inputted to the RAM as the dimension of the blank. 

(g) If the result of the comparison is 

Z < L 

1 5 max 

then it is decided that end face rough cutting is a 

machining process needed to obtain the finished 

profile, and the name of this machining process is 

displayed on the screen of the graphic display 202. 

The tool used and the cutting conditions are determined 

by using the tooling file and material file. Next, the 

processor 203 recognizes that the area Al [see Fig. 

6(A)] bounded by a straight line Ll at Z » Z and by 

max 

the blank profile is an area to be cut by end face 
rough cutting, and stores the chuck direction (along 
the -X axis) in the RAM 205 as the cutting direction. 
The shape remaining after removal of the cutting area 
Al is the blank orcfile. The blank profile is 
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displayed in the form of a dashed line and the finished 
profile in the form of a solid line, as shown in Fig. 
6 ( B) . 

(h) Thereafter , or when end face rough cutting is 
unnecessary because Z m=iV = L holds at the step (f), the 
processor 203 performs the operation 

i + 1 > i 

(i) Next, it is determined whether 
i > P 

holds . 

(j) If i > P holds, the processor 203 takes this 
as indicating that processing for determining the 
necessity of all of the preregister ed machining 
processes and for creating the required data has been 
completed. The processor then proceeds to execute NC 
data creation processing. 

(k) If i < P holds, on the other hand, the 
processor 203 reads the name of the i-th machining 
process out of the memory 201. 

(m) If the i-th machining process is outer 

diameter rough cutting, then the processor 203 checks 

the finished profile data stored in RAM 205 and checks 

for the presense of a profile indicating an outer 

diameter portion. It should be noted that determining 

whether a profile of an outer diameter portion exists 

is done by obtaining the maximum value * max of the end 

face in the X direction from the part profile data and 

comoarinq the magnitude of X with that of the 
^ 37 max 
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dimensional value D of the blank in the X direction. 
Thus, if D > * max holds, a profile of an outer diameter 
portion exists and outer diameter cutting is required. 
If D = X max r then a profile of an outer diameter does 
not exist and outer diameter cutting is unnecessary. 

(n) If a profile of an outer diameter exists and 
outer diameter rough cutting is the machining process 
necessary to obtain the final part profile (finished 
profile), the name of the machining process is 
displayed on the display screen, the tool used, cutting 
conditions, cutting direction and cutting area are 
determined, and processing from step (h) onward is 
repeated. It should be noted that the area A2 [see 
Fig. 6(B)] bounded by the line indicating the external 
shape of the blank and the line indicating the external 
shape of the part is an area to be cut by outer 
diameter rough cutting, and that the chuck direction 
(-Z direction) is the cutting direction. 

(p) Thereafter, and in a similar manner, 
discrimination processing for determining whether a 
machining process is necessary in order to obtain the 
finished profile and, if the the process is necessary, 
automatic creation processing for the tool, cutting 
conditions, cutting area and cutting direction used in 
executing the machining process, are performed 
sequentially for end face rough cutting, outer diameter 
finishing, grooving and threading until the relation 
i > P is established. 
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If the blank' prof ile in step (c) is the hollow 
cylinder or special profile, processing substantially 
similar to that for the cylinder is executed, the only 
difference between the machining process sequence that 
is read out of memory. 

Note that whether grooving is required is 
determined by whether a G code is contained in the 
finished profile data, and that whether thread cutting 
is required is determined by whether a T code is 
contained in the part profile data. Further, whether 
or not an inner diameter profile exists is determined 
by obtaining a minimum value X min of the end face in 
the X direction from the part profile data and checking 

whether X . is equal to 0. Specifically, if X . > 0 

mm 

is holds, an inner diameter profile exists and drilling or 

inner diameter rough cutting is necessary. If x . =0 

mm 

holds, an inner diameter profile does not exist and 
neither drilling nor inner diameter rough cutting is 
required. 

When the foregoing processing is completed for all 
of the preregistered machining processes in the above 
manner, the processor 203 creates NC data based on 
entered or automatically created data and stores the NC 
data in RAM 205. 

According to the present invention as described 
above, an optimum machining process sequence is stored 
in memory beforehand to correspond to each type of 
blank profile, and a machining process sequence 
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correspondinc to a blank profile is read out of the 
memory and NC data for cutting the blank into a 
finished profile in accordance with the sequence are 
created. This makes it possible to determine an 
5 optimum machining process sequence automatically. 
Further, according to the invention, NC data can be 
created through a simple operation since it is no 
longer necessary to decide the machining process needed 
to obtain a finished profile or to decide and enter a 
10 sequence of machining processes one at a time on the 
basis of operator judgment. Furthermore, since the 
tool used, the cutting conditions, the cutting 
direction and the cutting area can be determined 
automatically, processing for creating NC data, in 
15 combination with the method of automatically 

determining machining processes in accordance with the 
invention, is greatly facilitated. Accordingly, even a 
beginner is capable of creating NC data in simple 
fashion without error. Moreover, the time needed for 
20 creating the NC data can be shortened. 
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CLAIMS: 

1. A method of creating NC data, characterized by: 
correlating a sequence of machining processes, 

which are necessary for machining a blank into a 
finished profile, with each of a variety of blank 
profiles and storing the sequences in memory 
beforehand; 

inputting a blank profile to be used; 

reading a sequence of machining processes 
corresponding to said inputted blank profile out of 
memory; and 

creating NC data for machining the blank into the 
finished profile in accordance with said sequence. 

2. A method of creating NC data according to claim 1, 
characterized in that said blank profiles are a 
cylinder, a hollow cylinder and a special profile. 

3. A method of creating NC data according to claim 2, 
characterized in that when a blank profile is the 
cylinder, said sequence of machining processes is (1) 
end face rough cutting, (2) outer diameter rough 
cutting, (3) end face finishing, (4) outer diameter 
finishing, (5) grooving and (6) threading. 

4. A method of creating NC data according to claim 2, 
characterized in that when a blank profile is the 
hollow cylinder, said sequence of machining processes 
is (1) end face rough cutting, (2) outer diameter rough 
cutting, (3) drilling, (4) inner diameter rough 
cutting, (5) end face finishing, (6) outer diameter 
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finishing, (7) inner diameter finishing, (8) grooving 
and (9) threading. 
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